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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate an applying process of a die releasing agent for stable long usage by 
providing a top surface layer comprising a smooth ceramic film composed of a given thickness of Cr and N as main 
components on the first and second ceramic films. 

SOLUTION: A ceramic film with thickness of 0.1 or more is used as a top surface layer, so that oxidization of 
the ceramic films of the lower layers can be prevented for eliminating chemical degrading or exfoliation. 
Furthermore, the first smooth ceramic film composed of Cr and N as main components and the ceramic film of 
high hardness are alternately laminated, so that chemical stability and sliding characteristic are further improved, 
resulting in the significant improvement of baking resistance. Therefore, it is preferable that total thickness of the 
overall ceramic film including the top surface layer is 0.5-50 jim. It is preferable that the first ceramic film is 
composed of, at atom%, 50-70% Cr and 25-50% N, and that the top surface layer ceramic film is composed of 50- 
60% Cr and 40-50% N. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st smooth ceramic thin film which uses as a principal component the chromium formed in the front face 
of metal or the body of metal mold made from an alloy which contacts a Magnesium alloy at least by carrying out a 
laminating more than two-layer by turns, and nitrogen, this — the 1st ceramic thin film high - the CHIKUSO molding 
die of the Magnesium alloy characterized by having the maximum surface layer which consists of a smooth ceramic thin 
film which is equipped with the 2nd degree of hardness ceramic thin film, and uses the chromium and nitrogen of 0.1 
micrometers or more of thickness as a principal component on it. 

[Claim 2] The CHIKUSO molding die of a Magnesium alloy according to claim 1 to which sum total thickness of all the 
ceramic thin films to said maximum surface layer is characterized by being 0.5-50 micrometers. 

[Claim 3] The CHIKUSO molding die of a Magnesium alloy according to claim 1 or 2 characterized by said 1st ceramic 
thin film consisting of chromium of 50 - 75 atom %, and nitrogen of 50 - 25 atom %. 

[Claim 4] The CHIKUSO molding die of a Magnesium alloy according to claim 1 to 3 characterized by the ceramic thin 
film of said maximum surface layer consisting of chromium of 50 - 60 atom %, and nitrogen of 50 - 40 atom %. 
[Claim 5] The CHIKUSO molding die of a Magnesium alloy according to claim 1 to 4 to which hardness of said 2nd 
ceramic thin film is characterized by being two or more [ 2000kg //mm ] with Vickers hardness. 
[Claim 6] The CHIKUSO molding die of a Magnesium alloy according to claim 1 to 5 characterized by said 2nd 
ceramic thin film consisting of at least one sort chosen from the carbide of titanium, a nitride, carbon nitride, or the 
compound nitride of titanium and aluminum. 

[Claim 7] The CHIKUSO molding die of a Magnesium alloy according to claim 6 characterized by the compound 
nitride of said titanium and aluminum consisting of TixAllOO-xN (however, x expressing atomic % and being 
20<=x<100). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the CHIKUSO molding die for fabricating the Magnesium alloy 
components with which utilization is progressing quickly in fields, such as electronic parts and autoparts. 
[0002] 

[Description of the Prior Art] An application is expanding a Magnesium alloy quickly as an electronic-parts case, 
autoparts, etc. triggered by beautifiil [ of an appearance ] etc. in recent years while it is equipped with the lightweight 
nature and a high strength property. 

[0003] Shaping of these Magnesium alloys is performed by the injection molding comparatively in an elevated 
temperature called CHIKUSO shaping. That is, it is the technique of carrying out the injection molding of the 
Magnesium alloy which added aluminum about 10% of the weight to magnesium at solid-liquid coexistence 
temperature, and the Magnesium alloy of a 500-5 50-degree C half-melting condition is poured in into the metal mold 
specifically heated by about 250 degrees C, cooling coagulation is carried out, and it fabricates. 
[0004] In this CHIKUSO shaping, in order to perform accurate shaping, it is an indispensable condition that there is 
little friction of a metal mold front face and an impregnation ingredient. For example, if wear arises on a metal mold 
front face under impregnation and by ****** at the time of the ejection of the work piece after coagulation etc., this will 
cause seizure under cast activity and will reduce productivity and a product yield remarkably. 
[0005] In order to prevent such a phenomenon, the cast activity is done in the present condition, using a release agent 
and specifically applying a release agent to the shaping side of metal mold periodically corresponding to the surface 
state of metal mold. However, in order to have to apply a release agent frequently, the fall of the working capacity by a 
halt of a facility and the fall of a die temperature and the yield was not avoided. Moreover, since a release agent 
evaporates and dispersed during a fabrication operation, there was also a problem of injuring the work environment of 
works remarkably. 
[0006] 

[Problem(s) to be Solved by the Invention] In such the present condition, in order to solve the problem by spreading of a 
release agent, how to prevent wear of metal mold is also examined by forming ceramic thin films, such as titanium 
nitride with a high degree of hardness, in a metal mold front face. However, if the thin film of titanium nitride was used 
above 500 degrees C which is the temperature at the time of CHIKUSO shaping, since it would oxidize and a thin film 
would exfoliate easily, most protective effects on the front face of metal mold were not acquired. 
[0007] Moreover, although coat processing of the nitriding chromium said to excel in sliding nature was also tried, 
formation of a smooth thin film was difficult and there was a fault of being easy to produce printing of a Magnesium 
alloy with the projection as the starting point produced on a thin film front face. In addition, since nitriding chromium 
had the low degree of hardness, sufficient abrasion resistance and printing-proof nature were not obtained, furthermore - 
- since nitriding chromium is an ingredient with a small coefficient of thermal expansion, if it is going to obtain a high 
degree of hardness — an expansion coefficient - ****-- it was impossible to become small, to produce thermal fatigue 
in the CHIKUSO molding die which receives a 200 degrees C - 500 degrees C thermo cycle, and to have used it for a 
long period of time, being stabilized. 

[0008] This invention forms the ceramic thin film excellent in sliding nature and printing-proof nature with a 
Magnesium alloy in a metal mold front face in view of such a conventional situation, abolishes the spreading process of 
the release agent constituting decline in working capacity, or the cause of contamination of a works environment, and 
aims at offering the CHIKUSO molding die of the Magnesium alloy which can carry out stable use to a long period of 
time. 
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[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the CHIKUSO molding die of the 
Magnesium alloy which this invention offers The 1st smooth ceramic thin film which uses as a principal component the' 
chromium formed in the front face of metal or the body of metal mold made from an alloy which contacts a Magnesium 
alloy at least by carrying out a laminating more than two-layer by turns, and nitrogen, this - the 1st ceramic thin film 
high - it is characterized by having the maximum surface layer which consists of a smooth ceramic thin film which is 
equipped with the 2nd degree of hardness ceramic thin film, and uses the chromium and nitrogen of 0.1 micrometers or 
more of thickness as a principal component on it. 

[0010] In the CHIKUSO molding die of the Magnesium alloy of this invention, as for the 1st ceramic thin film, it is 
desirable to consist of chromium of 50 - 75 atom % and nitrogen of 50 - 25 atom %, and, as for the ceramic thin film of 
the maximum surface layer, it is desirable to consist of chromium of 50 - 60 atom % and nitrogen of 50 - 40 atom %. 
[001 1] Moreover, as for the 2nd ceramic thin film of a high degree of hardness, it is desirable that the hardness is two or 
more [ 2000kg //mm ] in Vickers hardness. As this 2nd ceramic thin film, there is at least one sort chosen from the 
carbide of titanium, a nitride, carbon nitride, or the compound nitride of titanium and aluminum, and especially 
compound nitride TixAllOO-xN (however, x expresses atomic % and is 20<=x<100) of titanium and aluminum is 
desirable especially. 
[0012] 

[Embodiment of the Invention] Although the ceramic thin film which uses chromium and nitrogen as a principal 
component being chemically stable generally, and excelling in sliding nature is known, it is difficult to obtain good 
smooth nature. Since membranes are formed by the coating method from the gaseous phase using the sublimation 
reaction of a chromium metal, when this forms membranes on condition that usual [ which is used industrially ], it is 
because the granular product which disperses from an evaporation source adheres with the ceramic film and the film 
which has a detailed projection is formed in a front face. It bites, when sliding an elastic ingredient like a hot 
Magnesium alloy, as described above, and the origin of **-like seizure comes, printing spreads rapidly henceforth, and 
such a projection makes a product a defect. 

[0013] Although what is necessary is just to form membranes by low energy which prevents granular debris in order to 
improve the smooth nature of the ceramic thin film which uses chromium and nitrogen as a principal component, since a 
membrane formation rate becomes slow, in order to obtain required thickness, cost increases remarkably. Moreover, the 
top where a metal mold configuration is complicated, although giving lap polish after membrane formation is also 
considered, since it is difficult to carry out lap polish of the whole shaping side of metal mold at homogeneity, great 
processing cost is needed. 

[0014] in this invention, it is easy to obtain smooth nature at the same time it secures smooth nature by forming the 
problem which the ceramic thin film which uses such chromium and nitrogen as a principal component has at a low 
speed ~ high ~ it solved by carrying out a laminating to a degree of hardness ceramic thin film, it is that is, like 
[ although the 1 st smooth ceramic thin film which uses the chromium and nitrogen of this invention as a principal 
component can be formed by stopping a rate and forming membranes by low energy like the above ] a titanium 
compound for the fall of this membrane formation rate - high - it can compensate by the laminating with the 2nd 
degree of hardness ceramic thin film, and membrane formation efficient as the whole ceramic thin film can be 
performed. As surface roughness of a ceramic thin film with the 1st smooth smooth ceramic thin film and smooth 
maximum surface layer when this chromium and nitrogen are used as a principal component, it is desirable that it is 0.3 
micrometers or less in 2 micrometers or less or Ra at Rmax. 

[0015] In addition, formation of the smooth ceramic thin film which uses chromium and nitrogen as a principal 
component is possible also by approach which is indicated by JP, 10-68071, A. This approach makes the target of 
cathode evaporate and ionize by arc discharge, is made to react with reactant gas, such as nitrogen and a hydrocarbon, 
by the ion plating method, and in case it forms the thin film of the generated compound on a base material front face, it 
supplies reactant gas near a target, and where the gas pressure of that neighborhood is raised rather than a perimeter, it 
forms membranes. 

[0016] And the smooth ceramic thin film which uses as a principal component the chromium which carried out in this 
way and was formed, and nitrogen had very few pinholes, and since osmosis of oxygen was prevented when there were 
0.1 micrometers or more of thickness, it turned out that it has the operation which prevents oxidation of the ceramic thin 
film in a lower layer. By this invention, by using as the maximum surface layer the smooth ceramic thin film which uses 
the chromium and nitrogen of 0.1 micrometers or more of thickness as a principal component, oxidation of the lower 
layer ceramic thin film can be prevented, and chemical deterioration and exfoliation can be lost from this. 
[0017] moreover, the 1st smooth ceramic thin film which uses chromium and nitrogen as a principal component - high 
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-by carrying out the laminating of the 2nd degree of hardness ceramic thin filn^y turns, chemical stability and a 
sliding property can improve further according to both synergistic effect, and the remarkable improvement of printing- 
proof nature can be obtained. In order to acquire this multiplication-effectiveness, it is desirable to set sum total 
thickness of the whole ceramic thin film including the maximum surface layer to 0.5 micrometers or more. However, 
since neither the improvement in the printing-proof nature beyond it nor extension of a life can be desired even if it 
makes sum total thickness thicker than 50 micrometers, it is desirable to be referred to as 50 micrometers or less also 
from the point of membrane formation cost. 

[0018] in addition, the 1st smooth ceramic thin film - high - what is necessary is just to carry out a laminating more 
than every at least one layer, i.e., two-layer, by turns about the laminating of the 2nd degree of hardness ceramic thin 
film Moreover, although which shall be formed directly in contact with the body of metal mold between the 1st ceramic 
thin film and the 2nd ceramic thin film does not have especially a limit, when it takes into consideration that they are 
adhesion with the metal and alloy which constitute the body of metal mold, and the smooth ceramic thin film with 
which the laminating of at least two layers is sufficient with a thin film, and the maximum surface layer uses chromium 
and nitrogen as a principal component, it is desirable to form directly the 1 st smooth ceramic thin film which uses 
chromium and nitrogen as a principal component on the body of metal mold. 

[0019] Both 1st smooth ceramic thin film and smooth ceramic thin films of the maximum surface layer consist of CrN 
system ceramics which use chromium and nitrogen as a principal component. Among those, as for the 1st ceramic thin 
film used as a inner layer, it is desirable to consist of chromium of 50 - 75 atom % and nitrogen of 50 - 25 atom %. 
Moreover, as for the ceramic thin film of the maximum surface layer, it is desirable to consist of chromium of 50-60 
atom % and nitrogen of 50 - 40 atom %. If it separates from the above-mentioned range in any case, it will become easy 
for printing-proof nature to fall. 

[0020] on the other hand - high - be [ what is necessary / just although it has a degree of hardness higher than the 1st 
ceramic thin film as 2nd degree of hardness ceramic thin film ], when it takes into consideration that there are many 
track records and it is easy to obtain smooth nature industrially [ excel in thermal resistance and ], titanium nitride 
(TiN), titanium carbide (TiC), charcoal titanium nitride (TiCN), titanium, or an aluminum compound nitride (TiAIN) is 
desirable. Vickers hardness is two or more [ 2000kg //mm ], and each of these ceramic thin films is ideal to carry out a 
laminating to a comparatively elasticity CrN system ceramic thin film. 

[0021] Although it is expressed with TixAllOO-xN when the compound nitride (TiAIN) film of titanium and aluminum 
sets the presentation ratio (atomic %) of titanium to x among the ceramic thin films of these 2nd, as for the value of x, it 
is desirable that it is [ or more 20 ] less than 100. In addition, from the presentation of a compound, naturally, an upper 
limit is 100, and there is a value of x with the same compound as TiN, when it is 100. However, if the value of x is less 
than 20, since the degree of hardness of the carbon nitride will fall and the printing-proof nature of metal mold will fall, 
it is not desirable. 

[0022] In addition, by carrying out a laminating to the 1st ceramic thin film at order, or considering as the 2nd ceramic 
thin film of the presentation which mixed these two or more sorts combining these two or more sorts, although you may 
use it independently as 2nd ceramic thin film, respectively, since the degree of hardness of the whole ceramic thin film 
rises further, each ceramic thin film of titanium nitride, titanium carbide, charcoal titanium nitride, titanium, and an 
aluminum compound nitride is desirable. 
[0023] 

[Example] Each ceramic thin film shown in the following table 1 was formed in the front face of the body of metal mold 
manufactured by SKD61 which is one of the example 1 JIS steel types using the ion plating method by well-known 
vacuum arc discharge, and the CHIKUSO molding die of the Magnesium alloy of the samples 1-31 by this invention 
was produced. 

[0024] That is, as shown in drawing. J , while making two or more targets 2 counter the inside wall surface of the 
cylindrical shape-like vacuum housing 1 and having arranged, the heater 3 for heating was installed, and the usual 
membrane formation equipment which equipped the vacuum housing 1 with a gas inlet 5 and the flueing opening 6 was 
used. By equipping with the above-mentioned body 7 of metal mold the holder 4 formed pivotable on the medial axis of 
this vacuum housing 1 , and adjusting both the rotational frequency of a holder 4, and vacuum both [ one side or ] of the 
discharge current (evaporation of a target ingredient), as the following, the laminating of each ceramic thin film was 
carried out, and it was formed. 

[0025] First, the inside of a vacuum housing 1 was exhausted, the degree of vacuum was made into the ambient 
atmosphere of ten to 4 Pa, and next Ar gas was introduced, and it held in the 2.7Pa ambient atmosphere, and heated to 
400 degrees C, and Ar gas was exhausted after performing plasma cleaning, having applied the negative bias voltage of 
-1000V to the body 7 of metal mold. 
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[0026] Then, performing time control according to the class of ceramic thin film which forms membranes By 
introducing both N2 gas, or CH4 both [ any one kind or ] with the total flow of 200 cc/min in a vacuum housing 1, 
evaporating and making each target 2 of Cr, Ti, or a TiAl alloy ionize by vacuum arc discharge Each ceramic thin film 
shown in Table 1 which consists of N in each target ingredient and introductory gas, and/or a compound with C on the 
front face in case the rotating body 7 of metal mold passes through each target 2 front, That is, the laminating of the Ti 
compound system thin film which is the CrN system thin film and the 2nd ceramic thin film.which are the 1st smooth 
ceramic thin film was carried out one by one, and, finally the smooth maximum surface layer of a CrN system was 
formed. 

[0027] Moreover, for the comparison, as shown in the following table 2, the samples 32-36 of the coating metal mold 
which prepared only the conventional single ceramic thin film, and the sample 37 of the metal mold which does not 
have a ceramic thin film were also prepared. That is, by samples 32-36, the independent ceramic thin film shown in 
Table 2 was formed in the front face of the same body of metal mold made from SKD61 as the above by the ion plating 
method using vacuum arc discharge using usual membrane formation equipment. Moreover, the metal mold of samples 
'38-44 is the example of a comparison which made a presentation, thickness, etc. of each ceramic thin film out of range 
[ this invention ]. 

[0028] Next, about the metal mold of each above-mentioned sample, without applying a release agent, CHIKUSO 
fabrication of aluminum alloy was performed Mg-10% of the weight, the printing-proof condition on the count of 
continuation operation and the front face of metal mold was evaluated, and the result was collectively shown in Table 1 
and 2. In addition, the die temperature at the time of shaping made temperature of the Mg-aluminum alloy of about 250 
degrees C and a half-melting condition 500-550 degrees C. In addition, the figure under presentation of the ceramic thin 
film shown in Table 1 and 2 meant atomic %, and measured it using Auger analysis. Moreover, the degree of hardness 
Hk of the 2nd ceramic thin film of Ti compound system is the Vickers hardness (Knoop haridness Hk) measured using 
the Knoop hardness meter of measuring load 20gf, and shows the average of measurement 5 times. 
[0029] 
[Table 1] 

The 1st and 2nd ceramic thin film The maximum surface layer All thickness The count of continuation operation, and 
sample CrN system Ti compound system Degree of hardness Hk Laminating CrN system (micrometer) (micrometer) 
Evaluation of a surface state 1 Cr52N48 TiN 2016 2 Cr52N48 (0.1) 2.1 100,000/is good. 2 Cr52N48 TiN 2014 2 
Cr52N48 (0.5) 2.1 100,000/is good. 3 Cr52N48 TiN 2017 2 Cr52N48 (1) 3 100,000/is good. 4 Cr52N48 TiN 2003 2 
Cr52N48 (2) 4 1 00,000/is good. 5 Cr52N48 TiN 2016 4 Cr52N48 (1) 3 100,000-/fitness 6 Cr52N48 TiN 2015 50 
Cr52N48 (1) 3 100,000/is good. 7 Cr52N48 TiN 2001 100 Cr52N48 (1) 3 100,000/is good. 8 Cr52N48 TiN 201 1 1000 
Cr52N48 (1) 3 100,000/is good. 9 Cr52N48 TiN 2001 50 Cr52N48 (1) 1.5 100,000-/fitness 10 Cr52N48 TiN 2012 50 
Cr52N48 (1) 2 1 00,000/fitness 1 1 Cr52N48 TiN 2009 50 Cr52N48 (1) 3 100,000-/fitness 12 Cr52N48 TiN 2016 50 
Cr52N48 (1) 6 1 00,000-/fitness 13 Cr52N48 TiN 2021 50 Cr52N48 (1) 1 1 1 00,000-/fitness 14 Cr52N48 TiN 2002 100 
Cr50N50 (10) 30 1 1 0,000-/fitness 15 Cr52N48 TiN 2003 500 Cr55N45 (10) 50 120,000-/fitness 16 Cr52N48 TiN 2009 
50 Cr60N40 (20) 50 130,000-/fitness 17 Cr52N48 TiN 2011 50 Cr73N27 (1) 3 50,000-/printing 18 Cr52N48 TiN 2010 
50 Q77N23 (1) 3 1 0,000-/printing 19 Cr52N48 TiN 2004 50 Cr55N45 (1) 3 100,000-/fitness 20 Cr60N40 TiN 2003 50 
Cr55N45 (1) 3 100,000-/fitness 21 Cr70N30 TiN 2006 50 Cr55N45 (1) 3 1 00,000-/fitness 22 Cr75N35 TiN 2006 50 
Cr55N45 (1) 3 1 00,000-/fitness 23 Cr80N20 TiN 2003 50 Cr55N45 (1) 3 50,000-/printing 24 Cr85N15 TiN 2030 50 
Cr55N45 (1) 3 1 0,000-/printing 25 Cr50N50 TiC 3150 50 Cr55N45 (1) 3 1 00,000-/fitness 26 Cr50N50 TiCN 2522 50 
Cr55N45 (1) 3 1 00,000-/fitness 27 Cr50N50 Ti20aluminum80N 2262 50 Cr55N45 (1) 3 120,000-/fitness 28 Cr50N50 
Ti30aluminum70N 2532 50 Cr55N45 (1) 3 200,000-/fitness 29 Cr50N50 Ti50aluminum50N 251 1 50 Cr55N45 (1) 3 
150,000-/fitness 30 Cr50N50 Ti70aluminum30N 2516 50 Cr55N45 (1) 3 150,000-/fitness 31 Cr50N50 
Ti90aluminum20N 2461 50 Cr55N45 (1) 3 All the samples of 1 00,000-/fitness (notes) front Naka are the examples of 
this invention. 
[0030] 
[Table 2] 

The 1 st and 2nd ceramic thin film The maximum surface layer All thickness The count of continuation operation, and 
sample CrN system Ti compound system Degree of hardness Hk Laminating CrN system (micrometer) (micrometer) 

Evaluation 32* of a surface state Cr50N50 (3) 3 1 ,000-/printing 33* TiN (3) 3 20-/printing 34* TiC (3) 

3 5-/printing 35* - - - - TiCN (3) 3 10-/printing 36* Ti50aluminum50N (3) 3 300-/printing 37* - « - l-/printing 

38*Cr50N50 Til5aluminum85N1500 50Cr55N45 (1) 3 3,000/printing 39* Cr52N48TiN 2001 2Cr52N48 (0.01) 2.01 
500/printing 40*Cr52N48TiN 2019 2 Cr52N48 (0.05) 2.05 1 ,000/printing 41* Cr52N48TiN 2008 50 Cr52N48 (0.09) 
0.29 100-/printing 42* Cr52N48 TiN 2009 50 Cr52N48 (0.08) 0.48 500-/printing 43* Cr52N48 TiN 2005 50 Cr80N20 
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(0.09) 2.09 500-/printing 44* Cr52N4^iN 2000 50 Cr85N15 (0.08) 2.08 The sample which attached * of 500-/printing 
(notes) front Naka is an example of a comparison. 

[0031] When it fabricated in the metal mold of the samples 32-36 which coated only the conventional single ceramic 
thin film, without applying a release agent so that the above-mentioned result may show, printing took place to the metal 
mold front face by 1000 shots in early stages of use, and continuation of a fabrication operation became impossible. 
Moreover, as for the metal mold which does not have the ceramic thin film of a sample 37 at all, printing took place at 
only 1 time of a shot. 

[0032] On the other hand, in the metal mold of the samples 1-31 of this invention, even if it did the continuous-molding 
activity of 10,000-200,000 shots, it was burned without spreading of lubricant, and a phenomenon was not caused, but 
the cast of a very good condition was obtained. When compound nitride TixAllOO-xN of titanium and aluminum is 
especially used as 2nd ceramic thin film of a high degree of hardness, it turns out that a mold life is prolonged further. 
However, when the value of x is less than 20 so that the sample 38 of the example of a comparison may show, the 
improvement in printing-proof nature is not found. 

[0033] Moreover, when the thickness of the maximum surface layer of the samples 39-44 of the example of a 
comparison was the metal mold which is less than 0.1 micrometers, since oxidation of a lower layer ceramic thin film 
(especially Ti compound system thin film) advanced quickly, exfoliation of a thin film etc. took place, it was easy to 
generate printing, and all became unusable at 1000 or less times of shots. Moreover, it turns out that the life of metal 
mold becomes [ the sum total thickness of the whole ceramic thin film ] short further by the less than 0.5 -micrometer 
samples 41-42. 

[0034] By using the special arc ion plating method which is indicated by above mentioned JP, 10-68071, A as a means 
which raises the smooth nature of an example 2 ceramic thin film, the laminating of the 1 st ceramic thin film with a 
smooth GrN system and the 2nd ceramic thin film of a TiN system was carried out to the front face of the same body of 
metal mold as an example 1, the smooth maximum surface layer of a CrN system was further formed on it, and the 
metal mold which has the ceramic thin film of three layers was produced, that whose maximum surface roughness of the 
conventional CrN system ceramic thin film was about 3-4 micrometers in Rmax according to this improving method - 
said - about 1-2 micrometers has improved. 

[0035] in addition, evaluation of the surface roughness of a ceramic thin film is shown in the following table 4, when the 
average of roughness height is also evaluated under the Measuring condition of the following table 3, since the numeric 
value of the maximum granularity tends to be influenced by the probable element - a result [ like ] was brought. 
However, the test piece made from the JIS steel type SKD61 for surface roughness evaluation was prepared apart from 
metal mold in the configuration with a 25mm angle x thickness of 4mm, and carried out coating processing at metal 
mold and coincidence. 
[0036] 

[Table 3] device: used for measurement - surfboard COM by Tokyo Seimitsu Co., Ltd. 570A measurement die-length: 
- 6mm cut-off: - quality-of-the-material [ of the rate:0.3mm/second sensing pin which moves 0.8mm sensing pin ]: - 
tip configuration [ of a diamond sensing pin ]: - the radius of curvature of 5 micrometers, and 90-degree cone 
configuration [0037] 

[Table 4] Base-material surface roughness which is before coating: They are :Rmax=l-2micrometer and 
Ra=0.3micrometer[0038] in Rmax=0.03micrometer, surface roughness:Rmax=3-4micrometer of the CrN thin film by 
the thickness:3.1 -micrometer conventional method of a Ra=0.01 -micrometer coating thin film, and the surface 
coarseness of the CrN thin film by the Ra=0.5-micrometer improving method. The metal mold of this invention which 
formed the ceramic thin film by this approach was all able to continue the stable fabrication operation of 150,000 or 
more shots without spreading of a release agent. However, when compared in respect of the life, the thing using 
TixAllOO-xN (20<=x<100) as a ceramic thin film of a high degree of hardness which carries out a laminating is the 
longest lasting, and printing was not generated at all after the fabrication of 500,000 shots. 
[0039] 

[Effect of the Invention] While according to this invention making unnecessary spreading of the release agent to metal 
mold and aiming at improvement in working capacity, and an improvement of shaping precision in CHIKUSO shaping 
of a Magnesium alloy, printing is lost, and metal mold can be used over a long period of time, being stabilized. 
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* NOTICES * 

* 

Japan Patent Office is not responsible for any 
dajnages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 
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